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Specification Zii 

1. Title of the invention: Semiconductor device 

2 . Claim 

In a semiconductor device having a bipolar transistor and an 
insulating gate type electric field effect transistor in the same 
silicon substrate, a semiconductor device characterized in that 
the base region of said bipolar transistor is formed by a mixture 
of silicon and germanium, and germanium is introduced to the 
channel region of said electric field effect transistor. 

3. Detailed explanations of the invention 
[Industrial Field of Applications] 

This invention pertains to a construction of Bi-MOS or Bi-CM 
[illeg.] semiconductor device. 
[Prior Art] 

FIG. 4 is a [illeg.] diagram showing a conventional Bi-CMOS 
semiconductor device. 

As shown in the diagram, high concentration N type embedding 
layer 2 is selectively formed on the surface of P type silicon 
(Si) substrate, P type Si epitaxial layer 3 is formed on the 
surface of the Si substrate and N type embedding layer 2, and a 
thieve oxidized film 4 is selectively formed on the surface of the 
Si epitaxial layer 3 and the element region is isolated in island 
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shape . 

A N type semiconductor region 5 is formed on a portion of 
the Si epitaxial layer 3 of the element region isolated in island 
shape, a high concentration P type diffused layer 6 which is the 
bipolar transistor base region is formed on a portion of the 
surface of the N type semiconductor region 5, and a high 
concentration N type impurity region 7 which is the emitter 
region is formed on a portion of the surface of the P type 
diffused layer 6. 

Also, high concentration N type diffused layer 8 is formed 
on a portion of the N type semiconductor region 5, and a 
collector region for the bipolar transistor is constructed by a N 
type embedding layer 2, a N type semiconductor region 5, and a N 
type diffused layer 8. 

Moreover, a gate electrode 10 is formed on a portion of the 
surface of the N type semiconductor region 5 and a portion of the 
surface of the Si epitaxial layer 3. A P type impurity diffused 
layer 11 which becomes the source drain for the P channel MOS 
electric field effect transistor (hereinafter called as PMOSFET) 
on the surface of the N type semiconductor region 5 of both sides 
of the gate electrode 10. The N type impurity diffused region 12 
which become the source drain for the N channel MOS electric 
field effect transistor (hereinafter called as NMOSFET) is formed 
on the surface of the Si epitaxial layer 3 of both sides of the 
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gate electrode 10. 

However, 13 in FIG. 4 is an electrode wiring layer. /2 

Next, the operation of the NPN type bipolar transistor 
portion shown in FIG. 4 is described in the following. 

FIG. 5 and FIG. 6 are diagrams showing the construction of 
the energy zone for illustrating the operation of the NPN type 
bipolar transistor. FIG. 5 shows the balanced state, and FIG. 6 
shows the operation state. In these diagrams, a-a and b-b are 
the joining surface of the respective N type semiconductor and P 
type semiconductor and the joining surface of the P type 
semiconductor and N type semiconductor. is the energy level 

of the bottom of the conduction zone, is the energy level of 
the upper valence electron zone, and Ep is the fermi level. 

First, in the balanced state shown in FIG. 5 (bias voltage 
is not applied) , there is Vq potential difference between the 
emitter region and the base region. The flow for electron and 
the electron hole is equivalent in the opposite direction to each 
other, and since the value is extremely small, the current is 
nearly not flowing as a whole. 

Next, in the operation state shown in FIG. 6, once the 
reversed bias voltage (V^b) is applied between the base region 
and the collector region, small current Ic (collector reversed 
current) flows in the circuit of the collector region. Once the 
bias voltage in order (V) is applied between the emitter region 
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and the base region, the electron is injected from the emitter 
region to the base region (emitter current) . 

A portion of electron becomes the base current by re -bonding 
with the electron hole injected from the base, but most of it 
reaches to the base collector joining, is absorbed in the 
collector region by the electric field by the reversed voltage, 
and becomes the collector current. This characteristic can 
control the great collector current by a slight base current, and 
effects the current amplification. 
[Problems that the Invention is to Solve] 

In the conventional semiconductor device, as stated above, 
since the bipolar transistor portion is the homo j ankushon 
[transliteration] bipolar transistor entirely formed by Si, 
carrier re-bonding in the base joining part is unavoidable, and 
the emitter injection efficiency is low. 

Furthermore, because the channel region is Si in the MOSFET 
portion, efficient degree of moving of the carrier is low 
accompanying with the refined elements, and it is difficult to 
improve the current driving capacity. 

This invention solves these problems. The purpose of this 
invention is to provide a semiconductor device which the 
improvement of emitter injection efficiency is expected in the 
bipolar transistor part, improvement of current driving capacity 
by increasing the degree of channel movement of the carrier is 
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expected, and high speed operation is made possible. 

[Means for Solving the Problems] 

In a semiconductor device having a bipolar transistor and an 
insulating gate type electric field effect transistor in the same 
silicon substrate, a semiconductor device of this invention 
characterized in that the base region of said bipolar transistor 
is formed by a mixture of silicon and germanium, and germanium is 
introduced to the channel region of said electric field effect 
transistor . 

[Function] 

With this invention, since the base region of the bipolar 
transistor is formed with a mixture of silicon and germanium, the 
re-bonding of carrier is reduced, the injection of the electron 
hole in the emitter base joining has more restrictions than the 
prior art, and emitter injection efficiency is improved. Also, 
since germanium is introduced to the channel region of the 
insulating gate type electric field efficiency transistor, the 
current driving capacity is improved. 
[Working example] 

FIG. 1 is a cross section showing a worlcing example of a 
semiconductor device of this invention. 

In FIG. 1, the difference with FIG. 4 is that a high 
concentration P type diffused layer 14 including germanium (Ge) 
is formed on the surface of the N type semiconductor region 5, 
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the base region is formed by a mixture of Si and Ge, and Ge is 
introduced to the channel regions 15 and 16 at the lower side of 
the gate electrode 10 in both MOSFET, respectively. 
/357 

At this time, the P type diffused layer 14 can be formed by 
injecting Ge ion to the surface of the N type semiconductor 
region 5 of the bipolar transistor part. 

Also, the channel regions 15 and 16 introduced with Ge can 
be formed by [illeg.] Ge ion into the surface of the MOSFET N 
type semiconductor region 5 and the surface of the Si epitaxial 
layer 3, and it can be formed in the same process with the 
formation of the P type diffused layer 14 which is the base 
region of the bipolar transistor. 

Next, the operation of the NPN type bipolar transistor part 
in FIG. 1 is described. 

FIG. 2 shows a balanced state, and FIG. 3 shows the energy 
zone construction of the operation state. In these diagrams, c-c 
is the adjoining surface with the P type semiconductor including 
Ge and the N type semiconductor, d-d shows the joining surface of 
the P type semiconductor containing Ge and the N type 
semiconductor. E^ is the energy level of the bottom of the 
conduction zone, E^ is the energy level of the upper valence 
electron zone, and Ep is the fermi level. 

Also, the forbidden band width Eg is substantially a fixed 
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value by the difference of the energy level of the and Ey. 
For example, it has been known that for Si, Eg = 1. 12 eV, Eg = 
0.66 eV for Ge, and for the case of a mixture of Si and Ge (Si^, 
Ge^.^) , the forbidden band width Eg changes continuously by the 
change of composition ratio. 

Therefore, because the forbidden band width Eg for Si 
containing Ge such as the P type diffused layer 14 which is the 
base region is smaller than the case of Si is used exclusively as 
the conventional P type diffused layer 6 does not contain Ge, as 
shown in FIG. 2, in the joining surface c-c of the base region of 
the P type semiconductor containing Ge and the emitter region of 
the N type semiconductor, the energy barrier V2 to the electron 
hole is larger than the energy barrier to electron (V^ < V2) . 

On the other hand, as shown in FIG. 3, in the operation 
state, when the bias in sequence (V, illeg,) is applied between 
the emitter region and the base region, electron is injected from 
the emitter region to the base region containing Ge. The 
electron passes through the base region, [illeg.] to the 
collector region via the base collector connection where reversed 
bias is applied, and it becomes the collector current. 

At this time, a portion of the electron injected from the 
emitter region to the base region re-bonds with the electron hole 
where injected from the base region to the emitter region, and 
becomes the base current. As stated above, since the energy 
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barrier V2 to the electron hole is greater than the energy 
barrier V^, the injection of the electron hole is restricted 
compared with the conventional technology. [illeg.], and it is 
absorbed to the collector region by the electric field through 
the reversed bias Vcb- 

Therefore, the disappearance of carrier in the base region 
can be reduced compared with prior art by the restriction of 
electron hole injection. Emitter injection efficiency can be 
improved, current amplification characteristic of the [illeg.] 
resistor can be improved. 

Next, the operation of the MOSFET part is described. 

The current driving capacity for MOSFET is proportion with 
the moving degree i of the carrier in the channel part. The 
moving degree for electron in Si is 1500 cm^ / V s, the moving 
degree for the electron hole is 600 cm^ / V s, the moving degree 
for electron in Ge is 3 900 cm^ / V s, and the moving degree for 
electron hole is 1900 cm^ /Vs. 

Also, in the mixture of Si and Ge, it is generally known 
that the moving degree changes continuous according to the 
composition ratio. As shown in both MOSFET in FIG. 1, by 
introducing Ge to the channel regions 15 and 16, the moving 
degree for carrier is greater than the case of prior art when Si 
is used exclusively. Thus, current driving capacity can be 
improved. 
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In the above working example, a semiconductor device formed 
with a bipolar transistor and CMOSFET on the same substrate is 
described. This invention can be implemented to the case that 
the bipolar transistor and NMOSFET or bipolar transistor and 
PMOSFET are formed on the same substrate . 
[Effectiveness of this invention] 

As described above, with this invention, since the base 
region of the bipolar transistor is formed with a mixture of 
silicon and germanium, the injection of electron hole in the 
emitter and base connection is more under restriction than the 
prior art, carrier re-bonding can be reduced, emitter injection 
efficiency can be improved, and improvement of the current 
amplification characteristic can be expected. Also, since 
germanium is introduced in the channel region of the insulating 
gate type electric field effect transistor, the degree of channel 
moving of carrier can be increased than the prior art, current 
driving capacity can be enhanced, and a semiconductor device with 
high speed operation can be obtained. 
4. Brief Description of Drawings 

FIG. 1 is a cross section of a working example of a 
semiconductor device of this invention. FIG. 2 and FIG. 3 are 
energy zone structural diagram in the balanced state and 
operation state of the bipolar transistor of FIG. 1. FIG. 4 is a 
cross section of a conventional semiconductor device. FIG. 5 and 



10 



FIG. 6 are energy zone structural diagram in the balanced state 
and operation state of the bipolar transistor of FIG. 4. 

In the diagram, 1 is a Si substrate, 14 is a P type diffused 
layer (base region), 15, 16 are channel regions. The same number 
indicates the same or equivalent parts in each diagram. 
FIG. 1 

[Keywords in the diagram are translated from left to right and 
top to bottom] 
bipolar transistor 

1: Si substrate, 14: P type diffused layer, 15 and 16: channel 

region 

FIG. 2 

[Keywords in the diagram are translated from left to right and 
top to bottom] 

Emitter region, base region, collector region 
FIG. 3 

[Keywords in the diagram are translated from left to right and 
top to bottom] 

Emitter region, base region, collector region 
FIG. 4 

Bipolar transistor 
FIG. 5 

[Keywords in the diagram are translated from left to right and 
top to bottom] 
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Emitter region, base region, collector region 
FIG. 6 

[Keywords in the diagram are translated from left to right and 
top to bottom] 

Emitter region, base region, collector region 

[Amendment is made in the translation indicated with underline.] 
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